The objective of this study was to test the hypothesis that a combination of induced estrus ( I E and melatonin (MEL) would increase reproductive performance in breeds characterized by late maturity more than either IE or MEL alone. Springborn Columbia (C; n = 161; 188 to 222 d range of age at breeding; 49 to 80 kg range of BW at breeding) and Targhee (T; n = 166; 183 to 210 d range of age at breeding; 40 to 68 kg range of BW a t breeding) ewe lambs were stratified randomly by breed to treatments: ambient controls (AC); IE; MEL; and MEL+IE. Melatonin (18 mg of Regdin@) was implanted on September 7. Estrus induction included medroxy-progesterone acetate (MAP) pessaries inserted for 12 d and pregnant mare's serum gonadotropin (PMSG; 500 IU i.m.) at time of MAP removal. Ewe lambs were placed into two pens with Key Words: Lambs, Melatonin, five rams per pen by breed. Targhee ewes lambed at an increased rate with IE vs no IE (84.5 vs 67.9%; P < .01) and tended to lamb at an increased rate with MEL vs no MEL (82.5 vs 70.6%; P = .07). The 92.7% lambing rate observed in the Targhee ewe lambs for the combined treatment (MEL+IE) was slightly higher than a n additive effect but the interaction between IE and MEL was not significant ( P = .24). By contrast, none of the treatments altered ( P = .5) lambing rate, number of lambs born, or number born alive for Columbia ewe lambs. In conclusion, IE improved reproduction, MEL tended to improve reproduction, and there was a slightly higher lambing rate than an additive effect with Targhee ewe lambs when both MEL and IE were combined, but none of the treatments significantly altered reproduction of Columbia ewe lambs.
Introduction
Age at first lambing affects lifetime reproductive performance (Bowstead, 19 30) . Spring-born Polypay and Rambouillet ewe lambs averaged 92 and 69% pregnancy rates, respectively (exposed t o rams from November to mid December), under our management conditions from 1984 to 1988 (Westman, 1993) . However, pregnancy rates for Columbia and Targhee 
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ewe lambs averaged only 55 and 61%, respectively (Westman, 1993) . Sexual maturity is normally delayed until the following fall breeding period in latematuring breeds and in lambs born late in the spring. Thus, it would be advantageous to enhance fertility in late-maturing and late-born lambs. Photoperiod is an important environmental cue timing puberty in female sheep (Yellon and Foster, 1986) . Photoperiod effects are mediated by the pineal gland and melatonin secretion. Although neonatal melatonin treatment of spring-born ewe lambs delayed puberty (Kennaway and Gilmore, 19841 , melatonin given from 3.5 to 4.5 mo until 8 mo of age hastened time of puberty of spring-born lambs (Moore et al., 1984) . Puberty was also advanced approximately 5 wk in lambs given melatonin at 19 wk of age (Norwak and Rodway, 1985) . After removal of superior cervical ganglia, exogenous melatonin also overcame delayed puberty when it was given t o provide information similar to a sequence of long days followed by short days (Yellon and Foster, 1986) .
Induction of estrus in prepubertal lambs with synchronization regimens generally results in only one estrous cycle followed by quiescence. This is similar to that reported for anestrous ewes (Laster and Glimp, 1974; Waller et al., 1988) . However, a combination of melatonin and induced estrus (norgestomet + PMSG) resulted in mature ewes continuing to exhibit estrous cycles in summer (Waller et al., 1988) . Thus, it was hypothesized that a combination of melatonin ( MEL) and induced estrus ( IE) would increase reproductive performance in ewe lambs of late-maturing breeds more than either MEL or IE alone.
Materials and Methods
This research proposal was reviewed and approved by the local animal care committee as outlined in the publication Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (Consortium, 1988) . Spring-born Columbia ( C ; n = 161; 188 to 222 d range of age at breeding; 49 to 80 kg range of BW at breeding) and Targhee (T; n = 166; 183 to 210 d range of age at breeding; 40 to 68 kg range of BW at breeding) ewe lambs were assigned randomly by breed to four treatments: ambient controls ( AC; n = 40 C, 42 T), induced estrus ( IE; n = 41 C, 43 T ) , melatonin implants (MEL; n = 40 C, 40 T ) , or combined treatments (MEL+ IE; n = 40 C, 41 T). Ambient control ewe lambs did not receive IE or MEL. Melatonin-treated and MEL+IE ewe lambs were implanted with melatonin (18 mg of Regdin@, Cambridge Animal and Public Health, Hauxton, Cambridge, U.K.) on September 7. Implants had been formulated to result in elevated blood melatonin for 60 to 70 d (Staples et al., 1986) . Induced estrus and MEL+IE ewe lambs were divided randomly into three groups of equal size. Treatments to induce estrus were initiated for each group on each of three consecutive days (October 25, 26, or 27) . Estrus was induced by insertion of a medroxy-progesterone acetate pessary (60 mg of M A P , Tuco Products Limited, Orangeville, Ontario, Canada) that was left in place for 12 d. At time of pessary removal, 500 IU of pregnant mare's serum gonadotropin (PMSG) was injected i.m. Ewe lambs were given ad libitum access to water, alfalfa pellets, and whole barley (60:40) from September 20 until the end of breeding. A 4-wk adjustment period was used t o increase the concentrate gradually. Breeding of AC and MEL ewe lambs started on November 6. Twenty-four hours after MAP removal, IE and MEL+IE ewe lambs were sorted into breeding pens on November 6, 7, or 8 depending on when IE was initiated. Ewe lambs were placed into one of two breeding pens with five rams per pen. Columbia ewe lambs were exposed to 1/2 Finn x 1/2 Rambouillet rams. Targhee ewe lambs were exposed to 112 Finn x 1/2 Targhee rams. Therefore, effects of ewe breed were confounded with those of breed of ram. Only rams with average or high libido scores were used (two to three or four to six ejaculations, respectively, during a 30-min exposure to ewes in estrus). Rams also were screened for semen free of white blood cells, less than 10% abnormalities, and good progressive motility.
Ewe lambs that did not receive MAP were bled twice weekly for 4 wk before breeding. Approximately 20 ewe lambs of each breed from IE and MEL+IE groups were bled twice weekly for 2 wk before MAP, d 9 to 11 and d 18 to 20 after MAP removal. Serum was harvested and stored at -20°C until it was assayed for progesterone ( P4) by RIA . The interassay and intraassay CV were 14.5 and 11.0%, respectively. Sensitivity of the assay was .02 ng/mL. Serum P4 data were used to estimate estrous cycles, incidence of ovulation, and conception rate after IE. Ovulation was considered to have occurred if P4 levels were 2 .5 ng/mL on d 9 to 11 after pessary removal. Conception was considered to have occurred to the induced estrus if P4 was 2 .7 ng/mL on d 18 to 20 after pessary removal. These concentrations of P4 were selected because they were the lowest values that ewes that lambed to the induced estrus in this study had at these respective times. These P4 values are comparable to that reported in a number of experiments with lambs to detect ovulation and categorize estrous cycles Butler, 1982, 1988) . Conception rate was defined as the percentage of ewe lambs that conceived to the induced estrus based on P4. Lambing rate was defined as the percentage of ewes that lambed of those present at lambing because one Targhee on Treatment 3 and one Columbia on Treatment 4 died prior to lambing. Lambing was monitored 24 h daily and lambing data were recorded daily.
An attempt was made to analyze the data in a 2 x 2 x 2 factorial arrangement of treatments but a large number of cells with very low frequencies invalidated the analyses. Therefore, the dependent variable (lambing rate) was analyzed using categorical data modeling (CATMOD) within breed; treatment and their interactions were considered as independent variables (SAS, 1988) in a 2 x 2 arrangement factorial of treatments. Chi-square analyses were used to evaluate incidence of estrus before time of synchronization and before onset of breeding, incidence of ovulation after synchronization, and conception rate after synchronization. Chi-square analyses were also used to evaluate lambs born and born alive because the disproportionate frequency of quads and triplets among treatments invalidated the analyses by CAT-MOD for these variables.
Results and Discussion
Direct breed comparisons were not made in this study because disproportionality invalidated the analyses for the 2 x 2 x 2 factorial arrangement of treatments and confounding of breeds with breed of sire, age, and weight. Within-breed differences approached significance ( P = .07 for Columbia and P = Columbia ewe lambs and 7 of 43 Targhee ewe lambs that received MEL had increased P4 before time of MAP insertion. By breeding time (November 6), approximately 2 wk later, 55 f 11% (mean f S E ) of control Columbia ewe lambs had increased P4 compared with 59 f 12% of MEL-treated Columbia ewe lambs. Only 30 f 11% of control Targhee ewe lambs had increased P4 by November 6 compared with 50 k 12% of MEL-treated ewe lambs, which approached significance ( P = .06). These results indicated that control Columbia ewe lambs reached puberty slightly earlier in the breeding season than the Targhee ewe lambs. Melatonin tended to increase the incidence of early puberty in Targhee ewe lambs but not to the degree reported by others for Mule x Suffolk lambs. Puberty was advanced approximately 5 wk in Mule x Suffolk lambs given melatonin at 19 wk of age (Norwak and Rodway, 19851, but the melatonin treatment was initiated in mid-July instead of in September. This suggests that melatonin may be more effective at advancing time of puberty if it is given closer to the summer solstice.
Both breeds ovulated to IE treatment equally at a high rate (88 to 95%) regardless of whether they were treated with MEL. There was no difference ( P = .13) in conception rate between T ewe lambs treated with IE (63.8%) and those treated with MEL+IE (78 + 7%) or between C ewe lambs treated with IE (63.8%) and those treated with MEL+IE (47 f 8%) based on P4 concentrations monitored on a subset of the total population of ewe lambs.
When the T population was evaluated for lambing rate by CATMOD procedure in a 2 x 2 factorial arrangement of treatments, no interaction ( P = .24) between the main effects (IE and MEL) was detected. Therefore, the lambing rate results are reported for the four treatments t o better complement the other ESTRUS ON SPRING LAMBS 31 variables that were evaluated by chi-square analyses (Table 1 ). The probability values for lambing rate derived from the CATMOD analysis indicate that T ewe lambs gave birth at a higher rate with IE than without IE (84.5 vs 67.9%; P < .01) and tended to lamb at a higher rate with than without MEL (82.5 vs 70.6%; P = .07), whereas the lambing rate for controls was 64.3%. The 92.7% lambing rate observed for the T ewe lambs receiving combined treatment (MEL+IE) exceeded numerically the combined additive effect, but the interaction was not significant ( P = .24). These results indicate that IE had a beneficial effect on lambing rate in T ewe lambs. Although MEL tended t o improve lambing rate in T ewe lambs also, MEL was not as effective as has been reported in studies with anestrous, mature ewes, in which it stimulated and maintained estrous cycles (Waller et al., 1988) . Time of MEL treatment relative to the normal breeding period of the breeds may have influenced the outcome, as has been documented (Haresign, 1992) . The lambing rate results for the combined treatment are slightly greater than the additive effect but do not strongly support the hypothesis that a combination of MEL and IE would increase reproduction. Difference in number of lambs born from T ewe lambs were detected between those treated with MEL+IE and controls (1.2 vs .8; P < .05), but number of lambs born alive did not differ ( P = .5) among treatments (Table  1) . If this is a true effect, perhaps the abrupt change to short days, simulated by melatonin administration, instead of the gradual decrease in daylengths typical of fall increased the rate of maturity slightly. Also, the combination of MEL and IE may have augmented a more fertile estrus through gonadotropins or responsiveness of follicles to gonadotropins. An abrupt decrease in daylength has been reported to increase rate of onset of the breeding season (Ducker et al., 1970) . In contrast to the results observed for T, none of the treatments altered lambing rate ( P = .7), number of lambs born, or number born alive for C ewe lambs ( P = 5 ; Table 2 ). Columbia ewe lambs were 9 d older bLambing rate was analyzed by CATMOD as a 2 x 2 factorial arrangement of treatments that resulted in probability values for IE vs no IE ( P < .Ol), MEL vs no MEL ( P = .07), and MEL + IE ( P = .24), but lambing rate means are reported for each treatment to coincide with other variables evaluated by chi-square analyses in this table.
C,dSuperscripts in the same column indicate that means f SE differ ( P < .05). aTreatments were ambient controls (AC), induced estrus ( [ E ) , melatonin implants (MEL), and a combination of MEL+IE. Values listed are means k SE that did not differ ( P = . 5 ) for lambing rate, lambs born, o r born alive.
bLambing rate was analyzed by CATMOD as a 2 x 2 factorial arrangement of treatments that resulted in probability values for IE vs no IE ( P = ,7), MEL vs no MEL ( P = .6), and MEL + IE ( P = .4), but lambing rate means are reported for each treatment to coincide with other variables evaluated by chi-square analyses in this table.
than T ewe lambs. Average body weights (BW; 59 vs 5 2 kg for C and T, respectively) were 73% and 70% of average mature BW. Body weight and age differences both may account for some of the apparent response difference between breeds. A n attempt was made to look at age and body weights within breed groups, but there were not enough ewe lambs in the different groups to accomplish any sort of age or body weight analyses. We suggest that the contrasting responses are probably related to stage of maturity at time of treatment and may indicate a genetic and environmental interaction. It has been reported that exposure of spring-born ewe lambs to short days at 10 wk of age either advanced or delayed puberty or seemed to disturb the system governing sensitivity to estradiol negative feedback on LH, whereas short days at 15 wk (Foster, 1983) and 19 wk of age (Norwak and Rodway, 1985) advanced puberty. Similar results have been reported with melatonin treatments (Kennaway and Gilmore, 1984; Moore et al., 1984; Norwak and Rodway, 1985; Yellon and Foster, 1986) . It seems that timing of this treatment relative to age (stage of maturity), which was an average of 20 to 21 wk for the present study, and time of year is important to the outcome. Diet and growth rate relative to the genetic makeup of the ewe lambs needs to be considered, too (Land, 1978; . Columbia control ewe lambs lambed at a higher rate (70%) than our average lambing rate ( 5 5 % ) from 1984 to 1988 (Westman, 1993) . This increase in pregnancy rate in the control C ewe lambs may have masked the treatment effects. This increase may have resulted from screening rams for sexual performance and using only rams with average to high serving capacity (Perkins et al., 1992) . Other factors that may have improved the response over past years are 1) use of mature rams, 2 ) multiple-sire breeding schemes, 3 a breeding pen strategy in which treated ewes could stimulate untreated control ewes (social facilitation), and 4 ) nutrition or BW differences relative t o mature weight. However, we cannot explain why the T controls were quite similar ( 6 4 % ) t o the 4-yr average of 61% if these factors played a role, other than perhaps to posit a genetic and environmental interaction.
Implications
The induced estrus treatment was effective at improving lambing rate of Targhee ewe lambs, whereas melatonin alone tended to improve lambing rate above that of the controls. Hormones for estrus induction are more available under "extra label use" than melatonin in the United States and seem to be more beneficial than the melatonin when given in September, as in this study. Columbia ewe lambs did not respond to the treatments. Timing of the treatments relative to stage of maturity and growth rate and relative to time of year need to be evaluated further to provide a better understanding of the potential genetic and environmental interactions that may play an important role in the outcome.
